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Why soybean was considered by IITA?
The International Institute of Tropical Agriculture (IITA) started soybean improvement around 1974. The main reason to consider soybean was that there was little effort in improving this crop in Africa and as a result yield was extremely low (less than 0.5 ton per hectare). Other associated impediments were low seed viability, poor nodulation with native Rhizobium available in the soil and high shattering in the moist and dry savanna zones. Post harvest utilization of the crop was also limited as recipes suitable to small-scale farmers in Africa were not developed. These being the predicaments, IITA capitalized on some of the opportunities soybean can provide to tropical agriculture. Preliminary yield trial carried out on soybean germplasm materials in 1974 revealed that yields were high as compared to other legumes. Of the genotypes included in the trial, TGm 249-3 gave the highest yield of 3615 kg ha -1 (Dashiell et al., 1987) . The excellent performance of soybean under tropical Africa condition was also a contributory factor to venture into soybean improvement. On top of being an excellent source of quality protein and vegetable oil, the existence of ample genetic diversity to solve some of the major constraints like poor seed longevity and efficient natural nodulation were reasons to invest in soybean. Moreover, in the 1970s some National Agricultural Research Systems (NARS) showed immense interest and commitment to expand soybean production and utilization. All these constraints and opportunities led IITA to engage in soybean improvement for over three decades.
Soybean growing agro-ecologies in Africa
IITA considered three major agro-ecological zones in Africa in the course of variety development. The main one was the moist savanna zone. Efforts were also made to develop soybean production technologies in the Sudan savanna and mid-altitude zones. The moist savanna zone covers an area of approximately 5.6 million km 2 , representing 29% of the total crop land in sub-Saharan Africa (SSA). This zone is characterized by a growing period of 150 to 270 days (IITA, 2000) . The moist savanna zone has high potential for crop and livestock production, and is widely viewed as the emerging bread-basket of sub-Saharan Africa. Favorable circumstances in this zone include: relatively good soils, high solar radiation, adequate rainfall, and relatively low disease and insect pressures. Soybean trials have been conducted at Zaria and Mokwa locations in Nigeria in this zone. These two locations represent different agro-ecological zones of the moist savanna (Table 2) . Zaria lies in the northern Guinea savanna zone with a mean annual rainfall of about 900 mm per year concentrated almost entirely from June to September. Mokwa is situated in the southern Guinea savanna with a mean rainfall of about 1100 mm per year (Sanginga et al., 2000) . Sudan savanna zone receives about 600 mm rainfall (IITA, 1999) . Low moisture stress during growth and development of soybean is a constraint in this zone and the development of extra-early and drought tolerant varieties have been the major focus. In this zone, soybean trials are carried out at Minjibir Farm, Kano ( Table 2 ). The mid-altitude zone covers about 40% of the land area in sub-Saharan Africa mainly in eastern and southern Africa (IITA, 2000) . The mid-altitude ecologies also have conditions favorable for high yields, including cool temperatures that permit good crop growth, adequate rainfall in most areas, and some fertile volcanic soils. The main soybean breeding location for this zone is located at Chitedze Agricultural Research Station in Lilongwe, Malawi.
Why breeding for promiscuous nodulation?
Breeding for promiscuous nodulating genotypes was one of the approaches IITA followed to enhance biological nitrogen fixation of tropical soybeans. Soybeans that nodulate effectively with diverse indigenous rhizobia are considered as promiscuous, and the characteristic promiscuity (Kuneman et al., 1984) . Hence, promiscuous genotypes of soybean form symbiotic association with available Rhizobium strains in the soil and thus fix atmospheric nitrogen whilst non-promiscuous genotypes need specific rhizobial strains to fix nitrogen from the air. In Africa cowpea-type rhizobia are indigenous and are abundant.
In the late 1970s, breeders at IITA observed that most high yielding soybean cultivars from USA have specific requirements for Rhizobium japonicum (Pulver et al., 1982) and inoculation of these varieties was found to be essential when growing them under tropical conditions of low soil nitrogen. In the early 1980s, it was assumed that most tropical countries did not have the facilities and personnel required for inoculum production, storage, and distribution and were dependent upon importation of the final product (Pulver et al., 1982) . The nonabundance of commercial R. japonicum inoculants and nitrogenous fertilizers led to the option of breeding promiscuous cultivars in IITA since soybean genotypes that do form symbiotic association with indigenous cowpea-type rhizobia were identified. Generally, soybean varieties developed for promiscuous nodulation with the indigenous rhizobia were considered to increase production of soybean in tropical Africa with minimum cost affordable to small-scale farmers.
Location
Coordinates Elevation (masl) 
Identification of promiscuously nodulating soybean germplasm
Observation on nodulation of some soybean cultivars in soils where soybean has not been cultivated previously and the non-nodulation of exotic varieties that were bred in the USA indicated the existence of genotypic variation in soybean for the ability to recognize and form symbiosis with diverse species of rhizobia. Pulver et al. (1982) reported genotypic variation in six soybean genotypes in their ability to form an effective symbiosis with local Rhizobium spp. These workers noted that local cultivars were more promiscuous as compared to improved cultivars from the USA. IITA screened 400 geographically diverse soybean germplasm accessions for their compatibility with indigenous rhizobia in a range of tropical environments and assessed the efficiency of symbiosis under greenhouse and field conditions (Pulver et al., 1985) . Of the 400 genotypes screened for promiscuity, 10 germplasm accessions were found forming effective symbiotic relationships with the soil rhizobia at five locations in Nigeria. The source of these germplasm accessions were tropical Africa and south East Asia.
Breeding objectives and methodology
The main goal of soybean improvement at IITA has been to develop high yielding promiscuous and stable soybean varieties that are tolerant or resistant to biotic and abiotic constraints. Specific objectives set in their chronological order since the inception of soybean improvement have been a) improving grain yield of promiscuous genotypes has been the main objective from the outset and still it is a top priority in soybean breeding and crop management at present as overall soybean yield in Africa is low in comparison to other continents; b) biological nitrogen fixation (BNF); c) pod shattering─ this trait has been given top priority because it was found out that farmers lose their entire crop if they do not harvest as soon as the crop is mature; d) seed longevity and color; e) Diseases─ the main ones are soybean rust, red leaf blotch, frog eye leaf spot, bacterial pustule, bacterial blight, and soybean viruses; f) insect pests that included pod sucking bugs and defoliating insects; g) resistance to lodging; h) tolerance to low Phosphorus; i) drought tolerance; j) Striga reduction ability through suicidal germination; and k) dual-purpose soybeans suitable for grain as well as fodder for livestock. The soybean breeding program at IITA from its inception has focused on combining the yield potential of cultivars bred in North America with the 'promiscuous' or 'naturallynodulating' ability of landraces from Asia to form nodules and fix nitrogen without inoculation in African soils (Giller & Dashiell, 2006) . Hybridization and selection have been the main methodology in developing varieties over the years. Excellent facility has been established at IITA-Ibadan to accomplish this task. Pedigree method of selection is followed to advance segregating populations by raising two generations per year -one during the main growing season and the second through off-season irrigation. Selection in the F 2 and F 3 generations are restricted to selecting good individual plants and discarding single plants and progeny rows susceptible to diseases such as bacterial pustule, frog-eye leaf spot and rust. In F 4 and F 5 generations, progeny rows (families) are discarded when they are found to be susceptible to frogeye (Cercospora) leaf spot or bacterial pustule, or if they are of poor seed color or plant type. Single plant selections to establish homozygous lines are done at F 5 or F 6 generation during the main growing season. Seeds of selected individual plants are then multiplied during the off-season. At this stage lines are screened for pod shattering in the laboratory, seed size (10-13 g per 100 seeds), and uniform cream seed color. Progeny rows that passed the screening procedure are harvested in bulk grouped by maturity and were promoted to preliminary variety trials. The maturity groups in IITA trials are early (less than 100 days), medium (101 -110 days) and late (more than 110 days). Twenty-five to 30 superior lines are normally tested under preliminary variety trials at two to three locations in three replications for one year. Better performing lines for key traits are promoted to the advanced variety trial and the rest are discarded. In the advanced variety trial, lines are evaluated in at least three locations in four replications per country. The best lines from the advanced variety trial are distributed to collaborators mainly in Africa in the form of international trials. 
Breeding lines developed for promiscuous nodulation
Over 2000 soybean crosses have been made since the late 1980s to select desirable segregants. Since late 1980s at least 66,220 segregating populations have been raised and more than 400 trials have been carried out. During the same period more than 20,000 soybean lines have been tested by IITA breeders in at least 20 locations in western and southern Africa. Large number of early, medium and late maturing promiscuous breeding lines has been developed over the past three decades. IITA's effort in breeding promiscuous early maturing soybeans has resulted in the development of 35 promising lines until 2006. These superior breeding lines are available for on-farm testing and release by national programs. In these materials maturity ranged from 91-107 days on the average ( (Table 4) . Similarly, average fodder yield ranged from 1194-2882 kg ha -1 for these lines. Percent grain yield increase of these lines over their respective checks in different years ranged from 11-107%. As indicated for the early lines, trials in 1997 did not receive fertilizers and as a result yields were 1275-1424 kg ha -1 , which is much higher than farmer's yields. Breeding for late maturity has resulted in the development of 20 promising lines from 1989 -2005 (Table 5 ). These lines exceeded the respective checks in grain yield in different years by 9-63%. Both grain and fodder yields were low in 1997 and 1998 since in those years breeders did not use starter fertilizer. These promising lines matured in 107-123 days on the average under West African condition. Grain and fodder yields were in the range of 1104-2500 kg ha -1 and 1197-3000 kg ha -1 , respectively. Lower values were from the unfertilized years. These promiscuous lines are of significant value for agro-ecologies with long growth period and high rainfall. The breeding program also attempted to specifically develop desirable materials for drier Sudan savanna zone of Nigeria. That effort resulted in the development of 11 superior lines for environments similar to Kano. The lines matured in 86-101 days and their grain yields ranged from 1501-2365 kg ha -1 . Fodder yields also ranged from 1542-2333 kg ha -1 . Grain yield advantages over checks were 15-77%.
Promiscuous varieties released
A total of 21 IITA bred tropical soybean varieties have been released in Africa ( 1.3 -2.3 t ha -1 . These yields were achieved through natural nodulation and only starter fertilizers were applied. In addition to grain yield and promiscuous nodulation, several other traits were incorporated into these varieties. Some of them are fodder yield, seed longevity, resistance to shattering and lodging, suitability for processed products such as soymilk, resistance to major foliar diseases such as bacterial blight and pustule, frogeye leaf spot and tolerance to rust in recently released varieties. 
Promiscuous soybeans in cropping systems of the savanna
The role of promiscuous soybeans for soil health and effect on productivity of subsequent cereal crops after soybean has been investigated in a greater detail by IITA scientists in the past two decades. The study carried out by Carsky et al. (1997) estimated the value of residual soybean nitrogen on subsequent maize grain yield under the prevailed situation of soybean residue removal at 10 sites in the Guinea savanna of Nigeria using one early (TGx 1456-2E) and one medium maturing (TGx 1660-19F) varieties of soybean. These researchers reported that the yield increase following the medium duration soybean variety was similar to that from 40 kg ha -1 nitrogen applied four weeks after planting to maize preceded by maize. Their study also revealed that the total nitrogen in the 0-10 cm depth of the previous TGx 1660-19F plots (0.063%) was significantly greater (p<0.05) than in the previous maize plots (0.058%) considering all sites of the study. Carsky et al. (1997) concluded that the effect of previous soybean crop on maize grain yield was due to residual nitrogen availability either from the roots, fallen plant parts of soybean or nitrate-sparing effect. Nitrogen fixation and nitrogen contribution by different promiscuous nodulating soybean lines were further studied in the southern Guinea savanna of Nigeria by Sanginga et al. (1997) . These workers reported that nitrogen derived from the atmosphere and nitrogen derived from the soil were the major sources of nitrogen accounting for 84 and 75 kg N ha -1 or 46% and 43%, respectively, of the plant total nitrogen. They observed a great variation among soybean genotypes in that a late maturing genotype, TGx 1660-19F, derived on the average 126 kg N ha -1 (52% of plant total nitrogen) from N 2 fixation as compared to the early maturing line IAC 100 with 37 kg N ha -1 (38%). Sanginga et al. (1997) estimated a net contribution of 18 kg N ha -1 to soil on the average after grain removal and it ranged from -8 to 43 kg N ha -1 depending on the soybean line grown. Further study by Sanginga et al. (2002) substantiated the beneficial effect of soybean to maize in that 1.2 -2.3-fold increase in maize yield was obtained when grown after soybean as compared to maize after maize. On-farm study in southern Guinea savanna using TGx 1456-2E and TGx 1660-19F indicated that these lines fixed 39-54% of their total nitrogen requirement that amounted to 56-70 kg N ha -1 in TGx 1456-2E and 51-78 kg N ha -1 in TGx 1660-19F (Osunde et al., 2003) . A maize grain yield of 3 t ha -1 was reported by these workers indicating the tremendous contribution from a 2-year soybean rotation. They recommended growing of promiscuous soybeans in rotation with maize even without the residues of soybean being returned to the farm land. Overall, studies indicated that under the Guinea savanna condition of Nigeria, promiscuous lines of soybean derive 46% of their plant total N (85 kg N ha -1 ) from the atmosphere and the balance 43% (75 kg N ha -1 ) from the soil. Thus, Sanginga (2003) suggested that breeding for higher nitrogen derived from the atmosphere lines should continue along with the development of efficient Bradyrhizobium strains as inoculants.
Dual-purpose soybean lines
Most of the IITA promiscuous soybean varieties and lines have been bred for dual-purpose to fit into the mixed farming system of the savanna. For some of the varieties specific studies were carried out to identify their feed value. From all maturity groups of soybean, lines were identified with high grain and stover yields and good stover quality assessed based on crude protein, neutral detergent fiber and dry matter digestibility (IITA, 2000) . Lines that possess these qualities from the early maturity group are TGx 1878-30E, TGx 1880-3E, TGx 1019-2EB, and TGx 1871-12E and from medium maturity group they are TGx 1873-6E, TGx 1869-14E, TGx 1880-15E, and Samsoy-1. From the late maturity group TGx 1869-13E, TGx 1440-1E, TGx 1871-6E, and TGx 1872-23E are identified as the best lines.
Breeding promiscuous soybeans for low phosphorus tolerance
Phosphorus is a limiting factor to soybean growth as the process of nitrogen fixation needs phosphorus. Ogoke et al. (2001) studied the role of phosphorus in enhancing soybean residue contribution to soil fertility. They reported that litter residue increased by 42-46% with phosphorus application as compared to no phosphorus treatment. Further work of Ogoke et al. (2003) demonstrated that application of fertilizer phosphorus was justified and necessary in soils where phosphorus levels were below 7 mg kg -1 in the savanna since soybean nitrogen content increased as a result of phosphorus application. They reported that total nitrogen content in soybean was increased by 40-47% when phosphorus was applied. A study was carried out for two cropping seasons (2002 and 2003) at Mokwa and Zaria in Nigeria to see the response of four soybean varieties to different levels of phosphorus. Two levels of phosphorus (0 kg ha -1 and 30 kg ha -1 ) and four varieties (M 351, TGx 1485-1D, TGx 1844-18E, and TGx 1871-12E) were evaluated in a split plot design with three replications (IITA, 2003) . Data on grain yield, fodder, number of nodules, and plant height were recorded. The results showed that grain yield, fodder yield, number of nodules, and plant height were higher for the new varieties (TGx 1844-18E and TGx 1871-12E) than the old ones (M 351 and TGx 1485-1D) both at 0 and 30 kg ha -1 of phosphorus application. The average grain yield of the new varieties was 58% higher than the old varieties at 0 kg ha -1 and 65% higher at 30 kg ha -1 of phosphorus. Increases in grain, fodder, number of nodules and plant height were obtained due to P application.
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Breeding promiscuous soybeans for shattering resistance
Pod shattering resistance is another trait considered for improving promiscuous soybeans at IITA. Pod shattering is the opening of pods along both dorsal and ventral sutures of the soybean pod (Tukamuhabwa et al., 2000) . A seed loss of 50-100% can occur in susceptible varieties as a result of delayed harvesting after physiological maturity (IITA, 1986) . Genetic studies revealed that pod shattering in soybean is under control of two pairs of genes and is partially dominant over resistance (Tukamuhabwa et al., 2000) . This trait is highly heritable with narrow sense heritability values of 0.70-0.79 (Tukamuhabwa et al., 2000; . These findings indicated that pod shattering resistance can be improved with simple breeding procedures. Therefore when line evaluation trials are being conducted in the field, observation is made for shattering by visual rating of border rows of plots two weeks after harvesting. Laboratory method of screening for shattering resistance has also been followed since 1984. In this method 25 light brown pods are collected from each plot in paper bags and are put on a shelf and stored at room temperature for 10-20 days (Dashiell et al., 1987) . Samples are then put in an oven set at room temperature, and each day the temperature in the oven is increased by 5 o C and the number of shattered pods is counted. The assumption with this method is that samples that remained in the oven for a longer period of time without shattering had a good resistance (IITA, 1985) . All IITA developed varieties and lines have some degree of pod shattering resistance.
Promiscuous soybean lines that reduce Striga hermonthica seed bank
Trials in 1996 and 1997 showed less number of Striga emergence on maize plot previously used for growing soybean, and grain and stover yields of maize were higher following soybean as compared to following sorghum (IITA, 1997 (Carsky et al., 2000) . Application of phosphorus to soybean at higher soybean densities resulted in higher root length density, lower emerged S. hermonthica on maize and significantly higher maize yield (Carsky et al., 2000) . These investigators reported that soybean rotation increased maize yield by 90% and suggested that the use of an efficacious soybean cultivar reduces Striga parasitism on a succeeding maize crop and that the effect is increased by application of phosphorus to the soybean.
Genetic gains in breeding for promiscuous soybeans
Knowledge on the genetics of promiscuity is essential to develop a naturally nodulating soybean varieties. From preliminary work at IITA, Kueneman et al. (1984) suggested that promiscuity in soybean is a heritable trait as they observed a large number of well nodulating plants in early generation from a cross of promiscuous and specific types of soybean genotypes. Gwata et al. (2004) carried out a study on the genetics of promiscuous nodulation using nodule dry weight and leaf color score as a measure of nitrogen fixation effectiveness in six basic generations produced from two contrasting parents (promiscuous capacity for biological nitrogen fixation is important when recommending cultivars to farmers, as well as determining cultivars for use as parental genotypes in breeding programs (Hungria and Bohrer, 2000) . Several investigators have demonstrated that breeding soybean for enhanced N 2 fixation can be successful (Hungria and Bohrer, 2000; Alves et al., 2003) . For profitable and sustainable soybean production a continuous and coordinated selection of the most effective host genotype and rhizobial strain is essential.
There is a great potential to enhance N 2 fixation in soybean through breeding genotypes with enhanced capacity to interact with Rhizobium bacteria. Improved N 2 fixing in soybean may result from manipulating both the host genotype and rhizobia. Hence, the breeding program will employ selection of soybean lines under inoculation for enhanced BNF.
Conclusion
Soybean is emerging as an important feed, food as well as raw material for producing highquality protein products in Africa. In the past five years, soybean area has been increasing at an average of 5% per year whilst total production has been increasing at a rate of 7% per year in Africa. Such an increase has not been sufficient to satisfy the demand for soybean in the continent. Hence, the development of adapted and high yielding soybean varieties is necessary. IITA has been leading this effort in the past several decades by way of developing promiscuous varieties and through the promotion of soybean processing and utilization in the continent. A total of 21 IITA bred promiscuous tropical soybean varieties have been released in different countries of Africa. These varieties are easily grown by farmers without requiring specific inoculants or nitrogen fertilizers and thus an appropriate technology for small-scale farmers. These varieties give up to 2.7 tons/ha grain yield, much higher than the 1 ton/ha average yield for Africa, in addition to the high fodder yield for livestock feed. Breeding for promiscuity character has been a success at IITA. Genetic gain in breeding early, medium and late maturing varieties has been 2.2%, 1.9% and 1.4%, respectively. Efforts will be made to avail these superior promiscuous genotypes to different countries in Africa to test their adaptation and use them as variety per se or consider them as parental materials in their soybean improvement work. In IITA the breeding program will pursue to further enhance the biological nitrogen fixation capacity of new breeding lines through the promiscuity approach as well as matching genotypes with effective inoculant strains.
